fish oils, DHA can be derived from dietary α-linolenic acid, although this conversion is inefficient. 5 Dietary sources of α-linolenic acid include flaxseed oil, canola oil, soybean oil, butternuts, and English walnuts. 6 Developing fetuses depend on their mother's DHA stores for neuronal growth and maturation. The third trimester is the major period of DHA accumulation as the fetus' neurodevelopment is accelerated. 7 During this period, DHA is used up rapidly by the unborn baby, and the pregnant woman's stores become depleted. 8 As a result, pregnant and lactating women tend to be deficient in DHA. Unless these women consume at least 2 servings of fatty fish per week or supplement their diet with fish oils, their depleted stores of DHA could result in a deficiency for the infant, a situation that could have developmental consequences. 9 Although there is no official Dietary Reference Intake (DRI) for DHA+EPA, the Institute of Medicine, the Food and Drug Administration and U.S. Environmental Protection Agency (FDA/EPA), the Institute of Medicine, the American Dietetic Association, Dietitians of Canada,
Background:
The ω-3-fatty acid docosahexaenoic acid (DHA) is important in infant brain development and maturation. The advisable intake of the ω-3 fatty acids DHA and eicosapentaenoic acid (EPA) for pregnant and lactating women is 300 mg/d or 9 g/month. The objective of this cross-sectional study was to test the hypothesis that low-income pregnant/or lactating women do not consume advisable amounts of DHA+EPA and to determine whether any of the measured demographic factors were related to DHA and EPA consumption. Methods: This study was conducted September 2007 to March 2008 and used the N-3 Fatty Acid Food Frequency Questionnaire for dietary assessment in a convenience sample of women (N = 68) enrolled in a local maternal infant health program. Women who reported fish or seafood allergies were excluded. The monthly consumption of DHA+EPA from food sources was measured, and participant race, ethnicity, country of origin, primary language, level of education, marital status, intake of prenatal vitamins containing DHA+EPA, and warnings of fish toxicity were assessed. The data were analyzed using 1-way analysis of variance and t tests. and other organizations advise pregnant and lactating women to include 2 servings (up to 12 oz) of fish per week as a part of a balanced diet, [10] [11] [12] which is equivalent to approximately 9 g of DHA+EPA per month or 300 mg DHA+EPA daily. 11 Unfortunately, there are a number of barriers to regular fish consumption. In noncoastal regions. fresh fish is not easily accessible, and the cost of fish is often higher than locally produced meats. Women with limited economic resources may be less inclined to purchase costly fish or fish oil supplements. Ethnic and cultural differences can influence fish consumption. Pregnant women may be advised by community health agencies and others to avoid mercury-contaminated fish, smoked seafood, and raw shellfish as well as fish caught from freshwater lakes and rivers that may be contaminated by heavy metals and PCBs. 12 Pregnant and lactating women as well as women of childbearing age may not be well-informed about which fish are safe to eat, and thus women may choose to avoid eating any fish during pregnancy.
Relatively few studies have examined the relationship between DHA+EPA intake among pregnant and lactating women and demographic factors. The purpose of this study was to compare intake levels of DHA+EPA among low-income pregnant and lactating women to current guidelines. This population is at risk for low DHA+EPA consumption attributable to lack of education on the neurodevelopmental benefits of oily fish, limited financial resources, limited access to fish, and misinterpretation of the FDA/EPA advisory.
Methods

Study Overview
A cross-sectional, exploratory study was designed to assess the levels of DHA+EPA consumption among a sample population of low-income pregnant and lactating women. A 30-day diet recall questionnaire was used to estimate average monthly intake of DHA+EPA from food sources, to describe the sources of these ω-3 fatty acids, and to determine whether any relationship existed between DHA+EPA intake and the following demographic factors: race and ethnicity (African American/ black, non-Hispanic Caucasian, Hispanic, or mixed), country of origin (United States other), primary language (English or other), level of education (less than high school, <9 years, some high school, high school diploma or GED, or some college), pregnant or lactating, marital status (yes or no), intake of prenatal vitamins (yes or no), and warnings of fish toxicity (yes or no) as determined from a demographic survey developed by the investigators. Average monthly consumption of fish, chicken, and turkey was converted to grams of DHA+EPA. Interpreters 
Participants/Setting
A convenience sample, one in which the patients are selected, in part or in whole, at the convenience of the researcher, was used for this study. A sample of 68 women was drawn from pregnant and lactating women enrolled in Maternal and Infant Health Program (MIHP), a program administered by the Kent County Health Department in Grand Rapids, Michigan. This organization is a locally and Medicaid-funded program that provides education and assistance to women of low socioeconomic status in Grand Rapids, Michigan. Women with fish and seafood allergies were excluded from the study.
Food Frequency Questionnaire
The tool used in the study was the N-3 Fatty Acid Food Frequency Questionnaire portion of the Diet Habit Survey.
11 This 30-day diet recall questionnaire was developed and used with permission by Sonja Connor, MS, RD, and colleagues. 13 This tool is currently a validated method of dietary assessment related to plasma cholesterol changes. Although this tool has not been validated for the assessment of DHA+EPA consumption, Arsenault and colleagues 14 found a strong correlation between DHA+EPA consumption estimated from a similar interviewer-administered Food Frequency Questionnaire and ω-3 fatty acid content of plasma phospholipids. Average monthly consumption (ounces) of fish, chicken, and turkey was converted to grams of DHA+EPA using the Fatty Acid Food Frequency Questionnaire score sheet. 13 The DHA+EPA content of chicken and turkey is considerably less than that of fish and seafood; for example, the DHA+EPA content of poultry is 0.01 g/oz compared with 0.14 g/oz for canned tuna, 0.21 g/oz for catfish, 0.47 g/oz for canned red salmon, and 0.62 g/oz for sardines. 13 The questionnaire was used to assess intake from food sources only. Thus, the DHA+EPA intakes presented in this study do not include intakes from supplements.
The recall questionnaire was administered by a registered dietitian employed by MIHP. The interviewer was trained by the investigators to ensure completion of the questionnaire by each participant. The questionnaire contained 32 questions and took approximately one-half hour to administer. The interviews took place either at the Kent County Health Department offices during routine check-ups or at the participant's home during home visits typically conducted upon enrollment into MIHP.
Statistical Analyses
Descriptive statistics were calculated for the demographic characteristics of the participants. Quantitative demographic data were expressed as a mean plus or minus the standard error of mean. Nominal data were expressed as a percentage. The mean reported DHA+EPA consumption was compared between treatments using 2-tailed t tests and 1-way analysis of variance. Multiple regression analyses were also run, with DHA+EPA consumption as the dependent variable. In one equation the independent variables were English speaking (yes or no), United States as country of origin (yes or no), and race (African American or other). In the second analysis the independent variables were English speaking (yes or no), United States as country of origin (yes or no), and ethnicity (Hispanic or other). P values of .05 or less were considered statistically significant.
Results
Descriptive Demographics
The average age of all participants was 25.7 ± 0.7 years. Table 1 presents the self-reported ethnicities, level of education, country of origin, primary language, level of education, pregnancy/lactation status of the participants, and whether they had been advised to avoid eating fish. The reported country of origin of the participants is depicted in Table 2 .
Results of the demographic analysis indicate that 64.2% of all the women in the study and 83.3% of the pregnant women were taking prenatal vitamins. Only 2 of the women, 1 pregnant and 1 breastfeeding, were taking prenatal vitamins that contained DHA. Among all women, both pregnant and lactating, only 1 took additional supplements of fish oil or flaxseed oil that contained DHA. This additional DHA was not included in the data analysis because the quantity of DHA in the supplement was unknown. Almost a third of the women studied (28.8%) were advised not to eat fish during their prenatal visit, most often by their doctor, a dietitian, or a representative from WIC. Other women described receiving this advice from a friend, nurse, or mother.
DHA+EPA Consumption
The average DHA+EPA consumption for all women studied was 1.18 g ± 0.41 monthly. This is 13% of the advisable intake of 9 g/month. 11 Results indicate that both race/ethnicity and country of origin are related to total DHA + EPA intake. There were no significant relationships between the remaining demographic factors and average consumption of DHA+EPA (P > .05) ( Table 1) .
The monthly intake of DHA+EPA was greatest among African American/black women, with a monthly average of 31% of the advisable intake of 9 g. This was followed by women of mixed racial ethnicity, Hispanic women, and non-Hispanic Caucasian women ( Table 1 ). The mean amount of DHA+EPA consumed by African American/ black women per month was significantly higher than the amount consumed monthly by Hispanic women and by non-Hispanic Caucasian women (P < .05) ( Table 1) .
The country of origin was compared with DHA+EPA intake. Individuals born in the United States consumed more DHA+EPA on average per month compared with nonnative immigrants (P < .05) ( Table 1) .
Because of the interrelated nature of some of the variables, multiple regression analyses were also run with DHA+EPA consumption as a dependent variable. In the first analysis, using English speaking, U.S. native (yes or no), and race (African American or other) as the independent variables, the regression model was not significant, with P = .08. The variable that came closest to being a predictor was race, with P = .08. In the second model, the only difference was defining race as Hispanic or other. Once again, the regression model was not significant, with P = .29. The variable that came closest to being a predictor was U.S. native, with P = .38.
Discussion
The neurological benefits of DHA and EPA have been well established for developing infants.
3,15-17 Consumption of 1-2 servings of fatty fish per week or approximately 9 g of DHA+EPA per month by pregnant and lactating women provides their growing infants with sufficient quantities to receive these benefits. 16 Pregnant women of low socioeconomic status are at risk for DHA deficiency because of limited access to fish or fish oil supplements. 18, 19 The women in this study consumed less than the recommended 1-2 fatty fish meals per week or 9 g of DHA+EPA per month. The average DHA+EPA consumption among all the women studied was only 13% of the advisable intake. In fact, none of the 68 pregnant and/or lactating women in the study consumed the recommended amounts of ω-3 fatty acids. This low ω-3 fatty acid consumption rate is consistent with findings of previous studies. [18] [19] [20] [21] These data provide additional evidence that pregnant and lactating women of low socioeconomic status are at risk for DHA+ EPA deficiency.
Troxell et al 20 reported that an important barrier to DHA+EPA consumption is the cost of DHA-and EPArich foods. This may be true in the current study. For example, fresh fish such as salmon, sardines, herring, and orange roughy contain greater than 0.3 g of DHA+EPA per serving (6 oz) but are more costly than the sources of DHA and EPA most commonly reported in the survey. Only 4.5% of participants ate fresh or frozen salmon, and even fewer women ate sardines, herring, or orange roughy. The high cost of fresh fish may therefore affect food choices of the women in the study.
The data indicate that DHA+EPA consumption is higher among African American/black women than that of other ethnic groups. There are several reasons why race and ethnicity can influence fish and seafood consumption. Cultural food traditions may play a large role. In addition, women reared in regions with access to fish and whose diets have traditionally contained greater quantities of fish may be more likely to maintain a higher level fish intake despite relocation to an area with less availability or greater cost of fish.
Country of origin was also found to be related to fish consumption. According to the data, women from the United States ate an average of 2.45 g of DHA+EPA in a month, 27% of the advised amount. Women from other countries ate significantly less fish (P < .05), an average of 1.55 g of DHA+EPA in a month, 17% of advised amount.
The difference in fish consumption between U.S. natives and immigrants in this study may reflect the availability of fish in the given countries of origin. The United States imports fish from many other countries. It is possible that U.S. citizens enjoy a greater availability of fish than citizens of the other countries represented in this study, such as Mexico, Guatemala, El Salvador, Somalia, and Sudan. Race/ethnicity, country of origin, and primary language are 3 factors that are closely related to DHA+EPA consumption and closely related to each other within this sample. Multiple regression analyses were performed to see whether DHA+EPA can be predicted using these 3 factors. There was not sufficient evidence that any of these factors affected DHA+EPA intake (race/ethnicity, P = .08; country of origin, P = .29; primary language, P = .39).
Although not significant, the level of education was related to fish consumption. Women with higher levels of education tended to eat more fish than those with less than a high school education (Table 1) . However, educational level is closely related to socioeconomic status. More specifically, women with less than a high school education are more likely to live in poverty. 22 Given that previous studies have shown that women in poverty are less likely to eat fish because of cost, it follows that women with lower educational levels and lower income are at risk for deficiencies of DHA/EPA. 19 No significant relationship was discovered between DHA+EPA consumption and marital status, pregnancy/ lactation status, and advisory of fish toxicity. Previous studies indicate 13, 23, 24 that women who have received warnings of fish toxicity consume less fish. The data from this study revealed that 29% of the women had been warned to avoid certain fish or seafood during pregnancy or while breastfeeding. However, there was no significant difference in the consumption of fish in these women compared with women who had not been advised to avoid fish. Women were consuming equally low quantities of fish, regardless of the EPA/FDA advisory.
There were several limitations in this study. First, the use of a 30-day dietary recall survey relies on the memory of the participants being surveyed. Because participants were asked to recall their consumption of fish from the previous month instead of keeping a continuous food journal over a period of time, the estimates of their eating habits may be inaccurate; however, this is an inherent limitation in dietary recall methods. 25 Second, the use of convenience sampling of participants limits the generalizability of the results. Third, the variation in primary language and use of interpreters may also present a possible source of error. For example, 57% of participants listed a language other than English as their primary language. and 44% of participants requested the use of an interpreter. Different interpreters were used with different participants. Thus, validity may be reduced because of differences in interviewing style and language during the interview process.
The omission of "other" fish eaten from DHA+EPA calculations for a number of participants is an additional limitation to this study. Some women did not know what type of fish they ate, and others described eating fish whose DHA+EPA content was unknown; thus, numbers in this category were not included in the DHA+EPA totals. Furthermore, the additional DHA consumption of the 3 participants taking supplements containing DHA were not included in the DHA+EPA totals, because the food frequency questionnaire was developed to include only food sources of DHA+EPA. As a result, the average intake of DHA+EPA for some women is higher than the recorded values.
Conclusion
Although there is no universal agreement on DHA+EPA intake, this study provides evidence that pregnant and lactating women of low socioeconomic status are at risk for low intake of ω-3 fatty acid. Clarification of the DHA+EPA content of "other" fish eaten will provide more information about the DHA+EPA intake of this group of women. Factors such as race/ethnicity and country of origin are associated with lower than advisable intake levels of DHA+EPA consumption in this study. Additional studies with larger sample sizes are recommended to further delineate these barriers to DHA+EPA consumption.
It is incumbent on healthcare practitioners to advise pregnant and lactating women of the advisable intake, which can be can be achieved by eating 1-2 oily fish meals per week. In addition, these practitioners must be made aware of the types of fish that can be safely eaten if they are recommending that pregnant or lactating women avoid eating fish contaminated with heavy metals. Safe sources of ω-3 fatty acids that may be accessible to lowincome women include canned tuna and catfish.
Pregnant and lactating women, regardless of socioeconomic status, should aim to achieve the advisable dietary intake of DHA+EPA. As the factors associated with inadequate intake of DHA+EPA become more clearly defined, educational intervention programs promoting DHA+EPA awareness and consumption should be developed that target the groups most clearly at risk. Once these programs are established and implemented, further studies examining their effectiveness are recommended.
